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[57] ABSTRACT 
An introduction means for the direct introduction of a 
sample taken from a planar electrophoresis into an inter-
face to a mass spectrometer utilizing laser desorption 
ionization. The introduction means includes a probe to 
collect a sample from a planar electrophoresis, gener-
ally a gel electrophoresis, comprising a dual electrode 
assembly and a potential gradient between the elec-
trodes to collect the sample. Alternatively, the sample is 
obtained from a freeze-squeeze method or a drying/ma-
trix-deposition method. 
35 Claims, 15 Drawing Sheets 
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INTERFACE DEVICE AND PROCESS TO COUPLE 
PLANAR ELECTROPHORESIS WITH 
SPECTROSCOPIC METHODS OF DETECTION 
BACKGROUND OF THE INVENTION 
2 
unrelated art. The data of Duffm show, and it is gener-
ally agreed that relatively drastic means are required to 
release large biological samples from gel matrices in 
which they are encapsulated. Even high power laser 
S desorption can be insufficient for extraction, although 
our own recent results suggest that conditions can be 
1. Field of the Invention found that release intact molecular· ions of nucleotides 
This invention relates generally to the field of intro- from dried agarose gels. 
ducing samples to a mass spectrometer and more specif- Previous mentions of planar chromatography cou-
ically to an interface for introducing samples obtained 10 pied with mass spectrometry are our own, but none of 
from gel electropherograms to mass spectrometry de- these relate specifically to the present invention. (K. L. 
vices for analysis, including analysis using laser dcsorp- Busch, 6 Trends Anal. Chem., 95 (1987); M. S. Stanley 
tion. et al., 200 Anal. Chem. Acta, 447 (1987); M. S. Stanley 
2. Prior Art . . . lS and K. L. Busch, 1 J. Planar Chrom. 135 (1988). Our 
Mass S1>t7trometry IS t~e most specific det~tion previous work in coupling planar chromatography with 
mct~od available for coup~g to ~hromatographi~. SC:P- mass spectrometry relate to combinations of mass spec-
arat1on methods, and provid~ a high level of scns1t1vity trometry with high performance thin-layer chromatog-
for most compounds. Coupl~g of mass spectrom7try to raphy, or to applications of electrophoresis with mass 
gas chromatogr~p~y and.liquid chromatography 1s w:ll 
20 
spectrometry that involve transfer of the samples to a 
known. Supercnt1cal fl~d chromatography and capil- secondary substrate. In this former work, there is no 
lary zone electrophoresis (CZE) also both have been separate interface necessary as the primary particle 
coupled to mass spectrometers. . ' . 
De · fi th d' t I · f 1. 'd t b beam sputters material from the gel surface directly. A vices or e 1rec ana ysis o 1qu1 s reams y h .. . . · · 1 d · h mass spectrometry have been increasingly evident in p ase-trans1t1on matnx . sometunes 1s mvo ve. m t e 
recent literature. In particular, the development of con- 2S former work, but ~ere IS ~o transfer of ma~enal out of 
tinuous flow fast atom bombardment (F AB) mass spec- the ~hromatographic medium through capillary trans-
trometry has been an area of vigorous research. Analyt- fer .Imes to the source ~f the mass spec:trometer as the 
ical advantages of the flow F AB probe include lower entire chromatogram 1s placed withm the v~cuum 
chemical background noise (compared to conventional ~hamber of the mass spectrometer. The present mven-
FAB Probes), reduced ion suppression effects for mix- 30 t1on, when compared to the former work, had several 
tures of samples with varying surface activities, and distinguishing factors, including the present invention's 
generally lower detection limits. Practical advantages ability to extract the sample material directly from a 
include the fact that introducing samples via a flow PAGE, agarose, or other gel with a variety of solvents; 
stream greatly simplifies and quickens F AB measure- concentration of the sample; removal of extraneous 
ments even for discrete samples. Continuous-flow fast 3S components in the system; and the transfer of the sam-
atom bombardment interfaces for liquid chromatogra- pie in a fl.ow stream of solvent through a capillary line 
phy have been widely adopted. to the source of the mass spectrometer. 
Several references in the literature describe the cou- The methods used for recovering material from gel 
piing of capillary zone electrophoresis (CZE) with mass electropherograms depend mainly on the subsequent 
spectro~etry. ~is is a fu~damentally different form of 40 steps to be performed on the recovered analyte, such as 
~para~1on and 1s not considered relc;vant t? t~e present sequencing or in situ reactions (immunoassay). The 
m"'."'entJon. Two recent papers d.escnbe an md1rect cou- general problem of recovering DNA/RNA or proteins 
plmg based on separate extr~ct1on of ~pies from gel from gels lies in the physical barriers that the large 
electropherograms and off-lme analysis by fast ato~ molecules encounter. That is, the long strands ofbiopol-
bo~bardment mass spectrometry (FABMS): P. Cam1l- 4S ymer are so well enmeshed inside of the gel that the 
len et al ' 3. RaJ?. Comm. Mass Spec., 346 ~1989); 440 molecules have to be coaxed rather strongly to be re-
(1989). Camillen et al'. reported ~he extraction of sa~- leased. The gel itself generally is immune to the types of 
pies fro~ polyacrylamide gels, with subsequent analysis chemical attack that are sufficient to destroy the biopol-
of the discrete samples by FABMS. However, the nee- 'tself · 
e_ssary sample prc;paration inclu?~d an extended extrac- SO ym~: need to recover materials from gels is ongoing, 
tion of the gel with strongly ac1d1c solvents and crush- th t 'd 1 used t" thod b th b" 
· f h I fi 1 b d · d ti h as e mos WI e y scpara ton me y e 10-mg o t e ge s a ter samp e an s were excise rom t e 1 . al 't · 1 1 h · · · h gel. ogic . comm1;1~ y JS p anar e ~tro~ ores1s, wit an 
Similarly, Duffm et al. (as reported in an abstract at a exten~1ve tra~1t1on and repertoire. built over !ears. of 
recent meeting) have extracted biological samples from SS expen~nce with. t~e me!hod applied . to provide high 
within gels with the aid of an extended sonication, time r:solu~1on, ~ult1-dunens10nal separations . of complex 
and a series of eluting solvents, and have shown that biological. mJXtures. PAGE (polyacrylamid~ gel el~c-
FAB analysis provides good quality mass spectra of troph?resJS? and a~~ose gel ~lectropho:es1s are high 
these extracts. Duffm's extraction apparently involved a capacity, high l?recJS1on, and high dynamic ran~7 meth-
slice of gel about 0.5 cc in volume placed in a test tube 60 ods. B1oanalyt1cal protocols are ?~d exphc1tly on 
of extraction solvent. The gel and solvent were soni- these methods, and have been optuntzed over twenty 
cated overnight and then evaporated to near dryness. years of continuous use. New developments in CZE and 
The residue was taken up in a FAB solvent and the its variants will complement, but certainly will not sup-
analysis of the residue was performed as if the sample plant, the methods of planar electrophoresis. Although 
was a discrete sample generated by any other means. 65 many detection methods have been developed in con-
Duffm's Process is a standard recovery procedure junction with planar electrophoresis, to date no process 
known to those skilled in the art and samples recovered or method has coupled mass spectrometry with that 
from procedures similar to Duffin's also are used in separation method. 
3 
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Most proteins are separated by polyacrylamide gel short time to release the nucleic acid from the wall of 
electrophoresis (PAGE) (based on the molecular the bag. The nucleic acid is thereby recovered and 
weight) or modified polyacrylamide gel isoelectric fo- purified. A second commonly used method of electroe-
cusing (based on molecular charge). Both of the tech- lution is trough electroelution, which involves cutting a 
niques can be used in tandem in a two-dimensional ap- s trough in the gel on the leading edge of the selected 
proach for maximum resolution. Polyacrylamide gels band. The trough is filled with buffer and electrophore-
are made by pol)rmerizing the monomer, acrylamide, sis continues, with the nucleic acid being moved into 
into long strands, and then linking the strands together the trough. The buffer in the trough is withdrawn and 
with a 'cross-linker', usually N,N'-methylene-bis- replaced a few times until all of the nucleic acid is re-
acrylamide (Bis). The relative proportions of these com- 10 covered in solution. A more ingenious method involves 
ponents will determine the separation characteristics of putting a dialysis membrane vertically in the trough and 
the ael. Isoelectric focusing is carried out in a PAGE electroeluting the nucleic acid from the gel onto the 
ael that contains an immobilized pH gradient consisting membrane. 
of high molecular weight polyaminocarboxylic acids Nucleic Acids (DNA/RNA) and their components 
(ampholytes). IS commonly are separated by agarose gel electrophoresis, 
Other known methods for separating a desired mate- although PAGE often is Uled to separate complemen-
rial from a gel include direct extraction, electroblotting, tary strands of denatured DNA/RNA. 
electroelution, capillary blotting, sonication, and elec- Capillary blotting of DNA/RNA was developed first 
trophoresis. by Southern (Southern blot); the geographical pun is 
The direct extraction method involves cutting out the 20 continued in the derived name of a Western Blot. In a 
band of interest from the gel, mashing it and immersing Western blot, the blotting proceeds by capillary Pres-
it in a buffer solution of Tris ((tris-hydroxymethyl)- sure. It should be noted that the Southern blot also 
aminomethane), glycine and SDS. The mixture is works well for peptides and small proteins from PAGE 
shaken, after which it is filtered and the protein recov- gels. 
ered by extraction. This method is highly unsatisfactory 2S In order to make biomolecule recovery easier, the 
for large proteins (extremely low recovery) even under structure of the gels used in electrophoresis may be 
these extreme conditions due to the fact that diffusion of changed, thus changing their chemical or physical 
large proteins from within the complex gel network is properties. PAGE gels can be modified by using cross 
an inefficient process. linkers alternative to bisacrylamide. Alternative cross-
Direct extraction methods also can be used for small 30 linkers include N,N'-(1,2 dihydroxyethylene) bisacryl-
nucleic acid strands. Agarose gels can be dissolved in amide (DHEBA), ethylene diacrylate (EDA), and 
6M NaCI04; the solution is then filtered, extracted with N,N'-bisacrylcystamine (BAC). Once the cross-linking 
appropriate solvents and the DNA is precipitated. Nu- is disrupted, the gel can be solubilized and the bi-
cleic acids separated by PAGE gels can be extracted <>molecules can more readily diffuse out. As with any of 
directly in a manner similar to that for proteins by mash- 3S the methods described above, the time required, the 
ing the gel, putting it into a medium of high ionic recovery, and the capability for repetitive application to 
strength, such as ammonium acetate, which promotes the many bands separated on a gel are, in general, unsat-
diffusion of DNA out of the gel, SDS, and a magnesium isfactory. 
salt to aid precipitation of DNA. Sample molecules In sonication extraction of samples from electropher-
dissolved in the aqueous gel extract are then precipi- 40 etic gels, a small piece of the gel is excised from the 
tated with ethanol. larger gel, mixed with solvent in a tube or small flask, 
Electroblotting, the most common and satisfactory and then sonicated in a standard ultrasonic bath for 
method of recovering proteins, involves transfer of the some period of time, usually hours, but sometimes . 
proteins from the gel onto another equally sized mem- overnight. The sonication increases the rate of diffusion 
brane, using an electric current to drive their migration 4S of the sample molecules from within the pores of the 
in a manner similar to the original electrophoresis electropheretic gel out into the solvent added to the 
(Western blot), but in a perpendicular direction. Al- sample. The sonication does not by itself usually disrupt 
though there are many variations on this technique, it the cross-link structure of the gel. Extended sonication 
essentially involves making a sandwich of the gel and can, however, result in degredation of the sample m~le-
the transfer membrane (commonly nitrocellulose) be- so cules themselves. 
tween two layers of filter paper. This sandwich is then Extraordinary resolution in separation is available 
placed into a tank of transfer buffer solution and a low with CZE, but it is still a relatively new technique, and 
current is passed through the tank across the sandwich. is used for compounds ofrelatively low mass in compar-
The reason for performing an electroblot is that the ison with the masses of those separated by gel electro-
proteins are now more accessible on the transfer mem- SS phoresis. Various forms of gel (agarose or polyacryl-
brane than they were in the gel. For instance, detection amide) electrophoresis are utilized in virtually every 
techniques are more sensitive and the proteins on the biochemical laboratory for samples of molecular 
membrane can be reacted in situ, with antibodies or weights of several thousand to several hundred thou-
other agents. sand daltons. The coupling of mass spectrometry with 
One commonly used method of recovering a sample 60 these gel electrophoretic techniques would benefit a 
by electroelution uses a dialysis bag. The portion of gel great number of researchers searching for a more selec-
containing the nucleic acid of interest is cut out and put tive and information-rich detection method. 
into a dialysis bag filled with buffer. After the gel has 
sunk to the bottom of the bag, the excess buffer can be 
removed. The bag is then immersed in a shallow tank of 6S 
buffer and electric current is passed through the bag. 
The nucleic acid is then electroeluted onto the wall of 
the bag. The polarity of the current is reversed for a 
BRIEF SUMMARY OF THE INVENTION 
Gel electrophoresis, a powerful method for separat-
ing and purifying large biological molecules, lacks a 
detector that can provide accurate molecular weight 
and structural information that may be critical to the 
s 
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biochemist. Matrix-assisted laser desorption mass spec- This invention provides the means to interface gel 
trometry (LDMS) is among the most powerful methods electrophoresis (planar electrophoresis in general) with 
for producing molecular ions for labile biological com- mass spectrometry. The majority of users of electropho-
pounds over 100 K molecular weight, and it can pro- resis use gel (planar) electrophoresis rather than capil-
duce detectable ion current for picomoles of sample. 5 lary zone electrophoresis. 
The interfacing of planar separation techniques with The use of laser desorption ionization coupled with 
mass spectrometric methods can be extended to the the present interface allows the rapid analysis of small 
specific instance of laser desorption/ionization Fourier quantities of materials, such as biological materials con-
transform mass spectrometry (FfMS) for the rapid tained in agarose gels. The use of matrix-deposition and 
analysis of small quantities of biological materials con- 10 freeze-squeeze sample preparation in place of the use of 
tained in agarose gels. mechanical disruption and solvents allows a purer sam-
The apparatus of the present invention is used as an pie to be analyzed. 
interface device between various forms of planar elec- With this new interface device, we use a localized 
trophoresis, including slab gel electrophoresis, and mass mechanical disruption of the gel coupled with in situ 
spectrometry. The device consists of a means of deliver- 15 solvent extraction to release biological materials from 
ing a supply of solvent, if needed, at a specified rate to the matrix. Solvents are supplied in a continuous stream 
the surface of the electropherogram, a system to disrupt to the site of disruption, and eluent is transferred 
the gel and release the sample molecules contained through a flow capillary into the ion source of the mass 
therein so that they can be taken up into the solvent or spectrometer. . . 
introduced directly to the mass spectrometer, a means 20 These and other advantag~, fea!ures and objects will 
to concentrate the sample and separate molecules of becom~ appar~nt to on~ s~led m the art when th.e 
interest from developing solvent components, buffers, follo~mg d~tailed. desc:npt10.n of a prefei:red em~1-
d od 'fi ll 1 f t d ~ ment 1s read m conjunction with the following figures m an m 1 1ers as we as ge ragmen s, an a means 1or hi h lik ts d · t d b d 
· od · h d 1 h f w c e componen are es1gna e y correspon -mtr ucmg t e extracte samp e to t e source o a mass 25 ing numerals throughout the several views. 
spectrometer. Sample bands on a gel are extracted and 
material transferred to the mass spectrometer ion 
source, and subjected to laser desorption ionization. 
Mass spectrometric information is correlated with the 
(x, y) location of sample bands in the electropherogram. 30 An alternative sample extraction means is useful to 
obtain the sample subjected to laser desorption ioniza-
tion within the mass spectrometer. The gel piece is 
dried in the vacuum lock of the mass spectrometer 
followed by matrix-deposition onto the dried gel and 35 
insertion into the mass spectrometer, or the gel piece is 
frozen in liquid nitrogen followed by manually squeez-
ing the gel piece to extrude the sample and insertion into 
the mass spectrometer (freeze-squeeze). The sample is 
then subjected to laser desorption ionization and ana- 40 
lyzed by the mass spectrometer. 
One advantage of the interface device places no in-
trinsic limits on the operation of the ionization source of 
the mass spectrometer. A second advantage of this in-
terface device is its real-time operation. Mass spectra 45 
are produced for each sample band in the order exam-
ined, and for as long as that sample band remains under 
investigation. 
Another advantage of this interface device is its 
adaptability to different solvent systems and size re- 50 
quirements. Solvent composition can be varied as neces-
sary to release sample molecules from the gel, and the 
dimensions of the interface are consistent with the size 
of bands usually encountered in gel electrophoresis. (a 
few square millimeters) SS 
Yet another advantage of this interface is its ability to 
couple the system with a nondestructive means of sam-
ple band location. Usual means of sample band location 
such as optical densitometry are of course non-destruc-
tive, and are compatible with the mass spectrometric 60 
interface. Simultaneous use of optical densitometry 
with mass spectrometric detection is possible. All sizes 
of planar chromatograms can be studied with the inter-
face device. 
·The interface apparatus has provided positive results 65 
on biological materials including a small enzyme, pep-
tides, and other model compounds such as angiotensin 
and nucleic acids. 
BRIEF DESCRIPTION OF THE FIGURES 
FIG. 1 is a side elevational view, partly in section, of 
one embodiment of the probe used to obtain sample in 
the present invention. 
FIG. 2a is a block diagram of the apparatus of the 
present invention shown in the sample extraction mode. 
FIG. 2b is a block diagram of the apparatus of the 
present invention shown in the sample introduction 
mode. 
FIG. 3 is a block diagram of the filter/concentrate 
apparatus of the present invention. 
FIG. 3a is the positive ion flow-FAB mass spectrum 
of coenzyme B12 standard. 
FIG. 3b is the positive ion flow-FAB mass spectrum 
of coenzyme B12 extract. 
FIG. 4a is the mass spectrum of hydra peptide 7-11 
Lys-Val-Ile-Leu-Phe standard. 
FIG. 4b is the mass spectrum of hydra peptide 7-11 
Lys-Val-Ile-Leu-Phe extract. 
FIG. Sa is the mass spectrum of angiotensin II stan-
dard. 
FIG. Sb is the mass spectrum of angiotensin II ex-
tract. 
FIG. 6 is an isometric view of the preferred specific 
emboidment of the invention. 
FIG. 7 is a horizontal cross-section of the probe of the 
preferred specific embodiment in the sample-obtaining 
mode. 
FIG. 8 is an alternate embodiment of the probe of the 
preferred specific embodiment. 
FIG. 9 is a second alternate embodiment of the probe 
of the preferred specific embodiment. 
F'IG. 10 is a third alternate embodiment of the probe 
of the preferred specific embodiment. 
FIG.11 is a fourth alternate embodiment of the probe 
of the preferred specific embodiment comprising a dual 
collection electrode. 
FIG. 12 is the standard spectrum for B12 coenzyme. 
FIG. 13 is the spectrum for B12 coenzyme from aga-
rose gel. 
FIG. 14 is the mass spectrum of gramicidin S/ Aga-
rose extract using laser desorption ionization. 
7 
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FIG. 15 is the mass spectrum of d(GG)/Agarose 
using laser desorption ionization. 
DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT 
beam disruption of electropherogram, and the use of 
low-melting-point or dissolvable gels alone with solvent 
extraction or in combination with any of the above. 
Low melting point gels are defmed as gels which melt at 
5 temperatures below the temperatures that might de-
1. The System In General grade the samples originally separated by the electro-
The specification describes a system comprising an phoresis. Normally, these gels melt in the range of ap-
extemal homogenization probe coupled with continu- proximately 30• --40• C. Soluble gels generally are de-
ous flow fast atom bombardment (FAB) ionization into fined as gels with cleavable cross-linkers. The cross-link 
a mass spectrometer. This system uses a rotor/stator 10 is the bond that lets-up the gel form the original casting 
homogenization probe that is lowered onto the surface 10lution. If the cross-linking bond is 10mcthing like a 
of the aqueous gel, and releases the sample molecules disulfide bond, the addition of dithiothreitol to the sol-
into a flow stream that is processed and then sent to the vent mixture rcproducably breaks the bond and aids 
10urcc of the mass spectrometer. The key to the sue- chemically in the disruption of the gel and the release of 
cessful coupling of mass spectrometry to planar gel 15 the sample molecules into the solvent stream. Further 
clcctrophoresis is the rapid homogenization of the gel alternative embodiments include a mass spectrometer 
and release of the sample molecules into a flow stream. which uses flow FAB ionization or LSIMS, electros-
In the rotor/stator homogenizer, this release of the pray operation, or any other ionization method, such as 
sample into the flow stream generally occurs in about electron or chemical ionization laser desorption or 
30 s. With this speed, discrete areas of ~e planar elec- 20 plasma desorption. ' ' 
u:ophe~ogram can be selected for analysis on a conve- The present system incorporates a number of unique 
mcnt .t~e ~e. . . . features, including: 
1:11i5 mvent1on 1s used as an 1~te.rface ~ev1ce between 1) use of a more rapid piezoelectric homogenizer; 
vano~ forms of electrophoresis, mcludm_g gel el~tro- 2) convenient dispersal of gel slurry in a larger solvent 
phorCSls, and mass spectrometry. The device consists of 25 volume· 
a means of delivering a supply of solvent at a specified 3) conccn~ration of sample in a smaller flow volume for 
rate to the surface of the electropherogram, a system to fmal transfer-
disrupt the gel and release the sample molecules con- ' 
tained th · th t th be tak . t th 4) removal of surfactants, buffers, and salts; 
I t 
erdem tso "'a e.Y11 can1. t ten u}' mtho le 30 S) compatibility with alternative detection schemes; and so ven , an a rans1er cap1 ary me o ransier e vo - 6) "bT · h · · · h "' · ume of solvent containing the extracted sample to the ~mpat1 11ty wit 10ruzat1on met ods ior high mass 
source of a mass spectrometer. bio~olecules such as those separated by electropho-
There are no intrinsic limits on the operation of the resis. 
mass spectrometer, including the ionization method a. !he Apparatus 
selected, polarity of ions analyzed, or resolution of op- 35 With reference to FIG~. 1-3, sample b~nds are l~-
eration. There are no limits on the operation of the cat~ on th~ electrophoret1c ~el 14. The desired band 1s 
transfer capillary but that the gas or liquid load into the phy~1call~ isolated, and a suitable solvent 18 added t~ 
source of the mass spectrometer be consistent with the the 1solat1on sleeve 1~ of the probe 12. The pr?be 1~ 1s 
vacuum requirements of the mass spectrometer source. lowered to homoge~12e the sample,. thereby d1sruptmg 
There are no limits on the operation of the disruption 40 the gel 14 and ~eleasmg the sam~le mt_o the solvent. 18. 
system save that the volume disrupted be consistent The solvent ~8 1s drawn from the 1solat1on sleeve 16 mto 
with the size of the bands separated within the electro- a concentration column 20. Aqueous solvents and salts 
pherogram, and that the solvent flow admitted to the are drawn completely through the column to waste; the 
surface is a function of the volume disrupted. There is sample molecules are retained by adsorption on the 
no limit that the surface disruption be performed by a 45 front of the guard column 22. After all solvent has been 
rotor/stator homogenizer, as any one of a number of processed, the flow through the column is reversed 
proven disruption systems could be adapted for use in with solvent composition now chosen for continuous 
the device (such as a piezoelectric 1ransducer-based flow FAB analysis or electrospray ionization. The sol-
homogenizer). There are no limits on the solvent com- vent flow is led through a transfer capillary 24 to. the 
position other than it serve to dissolve the sample of so source of the mass spectrometer 26. The solvent flow 
interest without causing degradation, and be consistent diagram is shown in FIG. 2. 
with the operation of the mass spectrometer ionization The apparatus of the present device utilizes mechani-
method. cal homogenization of localized bands in the gel 14. A 
By way of example, a system interfaced to a continu- probe 12 comprising either a rotor/stator homogenizer, 
ous flow FAB probe ordinarily would operate with a 55 a piezoelectric transducer, or an ultrasonic generator is 
solvent that contains some percentage of the FAB ma- generally best-suited for the mechanical homogeniza-
trix so that the experiment could be completed in the tion, although other equivalent devices may be used. 
normal manner. Key advantages to the interface device The probe 12, upon the addition of appropriate solvent 
are the real-time operation, the adaptability to different 18 to the gel 14, creates a slurry of gel microparticles 
solvent systems as used in flow FAB and size require- (JO dispersed in the solvent. This slurry is then passed 
ments since the disruption occurs outside of the vacuum through a screen filter 30 to remove the gel particles. 
of the mass spectrometer, and the ability to couple the Screen filter 30 is located between probe 12 and valve 
system with an independent, nondestructive means of 32 and, besides removing any gel 14 particles not small 
sample band location such as the optical densitometry enough for proper later analysis, removes particulate 
systems already in widespread use. 65 impurities from the gel slurry. The filtered gel slurry 
Variations and alternative embodiments of the inven- then is pulled into the pre-concentration column 22 via 
tion include mechanical disruption of electrophero- action of a high pressure pump 34 before going onto the 
gram, ultrasonic disruption of electropherogram, laser- source of the mass spectrometer. 
9 
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In pre-concentration column 22, the gel slurry is The attractiveness of this approach is its versatility. 
concentrated to generate a gel sample of sufficient The transfer capillary 24 can be interfaced to a variety 
quantity for proper analysis in the mass spectrometer of ionization techniques, including a flow-FAB probe, 
26. Column 22 comprises a column filter system (not an electrospray source, or other ionization methods, 
shown), such as that in a high pressure liquid chromato- S backed by a sector, time-of-flight, FTILR, or a quadru-
graph that allows the collection of the gel sample on the pole ion trap. Also, because the extraction takes place at 
column filter. Solvent 18 and other fluids are pulled atmospheric pressure, many different solvents can be 
through the column filter by the high pressure pump 34, introduced locally onto the gel through the solvent inlet 
such as ·a vacuum HPLC pump or other ·pump, and capillary, as needed to extract the sample, as long as 
either exhausted, recycled or saved for future use. 10 glycerol or other FAB matrix is added as necessary 
When a gel sample of sufficient quantity has been gener- when the solution is passed to the flow F AB probe. 
ated on the column filter, the flow profile from the high Since this device represents a simple interface be-
pressure pump 34 is reversed and the gel sample is tween planar electrophoresis and mass spectrometry, no 
forced from the column filter and through transfer cap- special limits on the operation of the mass spectrometer 
illary 24 to the mass spectrometer 26. A second solvent, 15 are imposed. While the specific applications shown in 
selected for compatability with continuous flow F AB the Figs. involve the use of continuous flow fast atom 
analysis or electrospray ionization, is used to carry the bombardment mass spectrometry to demonstrate the 
gel sample off of the column filter, through the transfer operation of the interf~, ~upling of the tr~fer c_apil-
capillary 24 and into the mass spectrometer 26. lary to an elec:trospray 1omzabon source also IS str~gh~-
A two-position valve 32 is located between the gel 20 fo~ard. Particul~ adv~tages of the ~lectrospray 10m-
. . zat1on source are its ability to deal with sample mole-14/probe 12/filter 30 groupmg, the pre-concentrabon 1 d' 1 . Ii 'd 1 t fl · · t th column 22/pump 34 grouping, and the mass spectrome- cu es irect Y m a qw . ~ ven owmg ~ o e mass 
t 26 A h · FIG .. _ th al 32 · 'ts ti t spectrometer, and the ability to create multiply-charged er . s s own m . ..,, e v ve m 1 irs · th b' l l f hi h 
'f all th 1 141 be 12/filt 30 · ions so at even 1omo ecu es o very g mass are post 1?n . ows e g7 . pro. er group~g 25 accommodated within a mass range of a few thousand 
to be m fluid commumcat10~ with the pre-~ncentrat10n daltons for the mass analyzer. This Specification in-
column 22/p~mp 34 groupm~ .. As shown m FIG. lb, eludes the coupling of this interface device to an elec-
the val~e 32 m its second pos1t1on all~ws the P~e-co?- trospray ion source. 
centrat10~ ~lumn. 22/pump 34 groupmg to be m fluid b. y ariations of the System 
commumca!1on with the mass sp7ctr~met_er 26. 30 In alternate embodiments, the interface device of the 
In operati?n, when solvent 18 1~ ~i~g mtroduc~~ to present invention may be coupled with electron and 
the g:l 14 via probe 12, valve 32 1s m its first pos1t1on, chemical ionization, laser desorption and plasma de-
allowmg pump 34 to pull the gel slurry from the ge~ 14 sorption mass spectrometry, and electrospray ionization 
surface, throu~h filter 30, through valve 32 and mto in all of their forms as ionization methods. As a specific 
pre-c~ncentrat1~n column 22. After a gel sample of 35 example in the latter instances, the flow from the trans-
suffic1ent quan_t1ty ~as been. collected on. ~he column fer capillary 24 can be terminated in a wick or thin 
filter, valve 32 ts switc~ed to its second pos1~1on, and the membrane material of the same support materials al-
flow of the pump 34 1s reverse?. J:. c~mtmuous ~ow ready used as sample supports in laser desorption and 
FAB an~ys1s o~ electrospray 1omzat1on compat1?le plasma desorption mass spectrometry. The sample is 
solvent 1s now mtroduced. to the pre-concentratton 40 distributed over the surface either as a spray, as a flow-
column 22 to carry the solution from the gel sample to ing film, or by capillary action through a thin layer of 
the mass spectrometer 16. Pump 34 then forces the the substrate. The desorption and ionization then takes 
~lvent thr'?ugh the column filter where the gel ~pie place as before. In particular, the demonstrated capabil-
IS relea~d mto the solvent. The gel sample contammg ities of laser desorption and plasma desorption ioniza-
solvent 1s then forced. through valve 32 and transfer 45 tion in concert with time-of-flight mass analysis include 
capillary 24 into mass spectrometer 26 for analysis. the determination of molecular weights of biomolecules 
The schematic of a probe 12 design for more efficient of the size usually separated by electrophoresis, and the 
and localized disruption of the gel matrix 14 which use of this interface as a carrier of such molecules from 
effectively releases analyte into an applied solvent is the gel to the source of the mass spectrometer operated 
shown in FIG. 1. In this setup, disruption of the surface 50 in such a manner is included within this disclosure'. 
14 occurs with the use of a micro-homogenizer 28 (ro- c. Example Of System Operation 
tor/stator or piezoelectric). Solvent 16 is brought to the Standard solutions of Coenzyme B12 (2 mg/mL) and 
surface with a supply capillary at a rate preferably of angiotensin II (0.8 mg/ml) were made in water. A small 
about 5 microliters per minute, and then passed out of piece of agarose gel, approximately O.S cm square, was 
probe 12 through an online filter 30 into the transfer line SS placed into each standard solution and allowed to stand 
36 and through the valve 32 and concentrator column at room temperature for 18 hours. This ensured uniform 
22, as described above, and then to a flow-FAB or diffusion of the analyte into the gel matrix. The pieces 
electrospray ion source. The supply flow of solvent is of gel containing the analyte were then removed from 
regulated by a syringe pump (not shown). Transfer line solution, washed with distilled water to remove any 
flow is regulated by the pressure difference into the 60 residual analyte from the surface of the gel, and placed 
vacuum of the mass spectrometer 26. in a sample vial. Approximately 1 mL of H20 was 
The homogenizer 28 is mounted on a precision verti- added to each vial. The gel was then homogenized 
cal travel rail. The gel 14 is mounted in a fixed position completely with a stator type micro-homogenizer for a 
on an x-y manipulation stage, outside the mass spec- period of 60 s for the entire gel volume. The piezoelec-
trometer 26 on a separate stand. In this way, individual 65 tric homogenizer also could be used. 
bands of material separated within the gel can be se- In each case, the smallest diameter tips available com-
lected for mass spectrometric analysis by x-y move- mercially were used; a volume of approximately 100 
ment. microliters could be homogenized. Simple modifica-
11 
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tions to decrease the homogenized volumes are elusive trum of the same sample extracted from a solution ob-
with the rotor/stator device since there are limits on the tained from the homogenized gel. 
sizes of the mechanical parts. Piezoelectric homogeniz- Significant sensitivity is obtained in using the present 
ers require redesign of the transducer horn to minimize interface and useful mass spectrum can be generated for 
the disruption volume. Piezoelectric homogenization S small amounts of sample, of the level generally present 
provides a more rapid and complete homogenization in actual electrophoretic separations. These amounts 
due to increased cavitation within the gel. The resulting typically loaded onto the gels are in the high nanogram 
slurry from the gel is passed through a S micron syringe to low microgram range, that is, nano- or picomoles of 
filter to remove any particulate gel matter. Glycerol material. The key to being able to obtain mass spectra of 
was ldded to the filtrant to yield a 10% glycerol con- 10 such small concentrations is due to the use of the pre-
centration. The sample was introduced into the mass concentration guard column. By concentrating the ana-
spectrometer by immersing the flow-FAB probe capil- lyte from an aqueous solution on the head of the col-
lary into th~ solutions. The entire sample preparation umn, then beck flushing the column with a stronger 
operation (homogenization, filtration, matrix lddition solvent such as methanol, the sample is analyzed as a 
and transfer) took less than S minutes to complete even IS plug of higher concentration. 
under manual control. The major obstacle preventing the interfacing of gel 
Continuous-flow FAB analysis was performed on a electrophoresis to mus spectrometry (and any other 
VG-70 SE mus spectrometer. The standard VG dy- indirect detection scheme) has been the strong retention 
namic F AB probe was used, with a SO micron ID, SOO of the analyte molecules within the gel matrix itself. If 
micron OD capillary. The source block of the instru- 20 the matrix can be disrupted in any way, the analyte is 
ment was heated to 40• C. To enhance the sensitivity of free to migrate out of the gel. Mechanical and ultrasonic 
the analysis, the extracted samples were determined disruption in conjunction with chemical disruption 
using the MCA mode (with magnet scanning) of the seems to be the key in forcing the release of the sample 
mass spectrometer. No background subtraction of the molecules. 
spectra was performed. Spectra were taken once a sta- 2S Requirements for the solvent system are cased con-
ble ion signal was obtained, approximately one minute siderably because of the use of a mechanical disruption 
after the transfer capillary was introduced into the sam- of the gel volume. However, the use of modified gels 
pie solution. may ease the need for mechanical disruption, and may 
FIGS. 3a and 3b show the positive ion flow-FAB allow a more convenient means to decrease the volume 
mass spectrum of coenzyme B12. These mass spectra 30 sampled by the mass spectrometer. The special gels 
were recorded with the device of the present invention. include a polyacrylamide gel that can be dissolved with 
There was no (M+H)+ ion at m/z 1S80 present; how- periodic acid applied through the solvent capillary. 
ever, a significant fragment ion at m/z 1330 is seen. This Dissolution of this gel allows rapid migration of the 
fragment arises from the loss of the S'-deoxyadenosyl analyte out of the gel matrix into the applied solvent. 
group from the pseudomolecular ion. An additional loss 3S Extraction and transfer within a few seconds is the 
of the ribofuranyl group yields the ion at m/z 1069. The ultimate goal, as this will allow spatially resolved data 
mass spectrum of the extracted material is again identi- to be recorded within a reasonable time. 
cal to that of the standard. A low-melting agarose gel (3s• C.) that can be dis-
FIG. 3a is the positive ion flow-FAB mass spectrum rupted not with a homogenizer, but rather with a resis-
of a standard solution of coenzyme B12. This spectrum 40 tively heated probe tip, also may be used. These gels 
was obtained in the dip-and-suck method offlow-FAB, may prove more amenable to sampling for mass spec-
that is the capillary leading into the MS source was trometry, but are not as widely used in normal biologi-
immersed in the solution, with the pressure difference cal procedures. The interface device described allows a 
between the atmosphere and the vacuum system of the more general application to gel materials in common 
mass spectrometer drawing sample continuously into 4S use. 
the source. FIG. 3b shows the flow-FAB spectrum 
obtained for the same compound, this time extracted 2. The System In Specific 
out of the agarose gel. This spectrum is identical to that The present interface between planar electrophoresis 
of the standard. The differences of indicated mass are and mass spectrometry is a rapid and efficient means for 
due to rounding in the centroiding routines of the mass 50 the release of sample molecules from the gel electropho-
spectrometer data system. It should be noted that these retie matrix, and the concentration of those materials so 
two spectra were obtained using the MCA mode with that they can be transferred to a mass spectrometer in a 
magnet scanning to enhance the sensitivity of the analy- high flux to increase the sensitivity of the detection. For 
sis. agarose gels, physical homogenization coupled with 
FIG. 4a shows the positive ion flow-FAB mass spec- SS chemical degradation of the gel is followed by transfer 
trum of a pentapeptide, hydropeptide, solution stan- of the sample material onto a concentration column, 
dard. An abundant protonated molecular ion at m/z 620 followed by reverse flow transfer to the source of the 
is observed, as well as characteristic fragment ions. The mass spectrometer through a transfer capillary tube. 
ion at m/z 133 is due to the Cs+ from the primary ion The same procedure can be followed with electro-
beam. FIG. 4b shows the flow-FAB mass spectrum of 60 phoretic gels fashioned from polyacrylamide (PAGE 
the same sample extracted out of agarose gel. gels), but the time required for sample release is longer, 
FIG. Sa shows the positive ion flow-FAB mass spec- and the conditions required for gel disruption are more 
trum of an angiotensin II standard solution. An abun- rigorous. Longer times compromise the speed with 
dant (M+H)+ ion at m/z 1047 is present, as well as which this analytical method can characterize the com-
characteristic fragment ions arising from this octapep- 6S pounds contained at various positions in the gel, and the 
tide. Sodium adduct ions, for instance m/z 1069, and more robust conditions mean that the risks of sample 
glycerol cluster ions, m/z 64S, 737, 829, and 917, also degradation and contamination are concomitantly 
are present. FIG. Sb shows the flow-FAB mass spec- greater. 
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This preferred specific embodiment of the invention ecules. The device and its operation can be modified to 
uses a potential across two electrodes to drive sample meet other specific requirements. A variation of the 
molecules through the gel to a collection electrode on probe SO and method shown in FIG. 8 involves isolating 
which they are concentrated. The collection electrode the area 56 of the gel of interest, which is then placed on 
is inserted easily into and removed from the gel, and the 5 a grounded planar electrode 52 using a weighted electri-
material can be removed from the collection electrode cally isolated 58. This ring S8 is conveniently made of 
in high flux with application of an appropriate reverse Teflon or delrin, both non-conducting materials. The 
potential. Subsequent detection can be with mass spec- size of the ring S8 opening should be apProximately 
trometry or any of several other forms of spectroscopic equal to the analyte band 56 in the electrophoretic gel 
detection. The concepts behind the invention can be 10 14 that is to be sampled. In the center of the ring S8 is 
traced to forms of electroblotting used to transfer mate- placed a minimal amount of buffer solution 57 which is 
rial from within a gel to a transfer membrane, a method confined by the ring S8 and is in direct contact with the 
in common use in biochemical laboratories, and which surface of the gel 14. A wire electrode S4 is immersed in 
have been found to be reliable and efficient. The meth- the buffer reservoir 57 within the ring 58, and a poten-
ods described in this invention are conceptually analo- lS tial gradient is established through the gel 14 between 
gous to those of stripping voltammetry, which use a the wire electrode S4 and the grounded gel platform 52. 
potential-driven preconcentration of sample from a The sample migrates through the gel 14 and into the 
dilute solution followed by reverse-potential release and buffer reservoir 57 with the application of the appropri-
analysis. ate potentials. The migration rate is dependent on both 
With reference to FIGS. 6 and 7, the description of 20 the potential applied and the ionic strength of the buffer 
the device and its operation follows in sequence order: 57. The buffer 57 used in the reservoir can be varied 
1. A dual electrode assembly 40 is lowered onto the greatly in composition to suit any given application, and 
gel 14 at a specified location. The outer electrode 42 need not be identical in composition or concentration to 
may be in the shape of a cylinder or a rectangle. The that contained in the gel 14 itself. However, the pH of 
inner electrode 44 is a fine wire (often Pt or stainless 25 the additional buffer solution 57 should be such that the 
steel). The outer electrode 42 cuts through the gel 14 to charge state of the analyte molecule is not altered from 
isolate the portion 46 of the gel 14 of interest. that it exhibits in the gel 14 at that point. Once the 
2. Assume that the gel buffer pH is such that the analyte is contained in the buffer reservoir 57, the buffer 
molecules of analyte are negatively charged. The outer liquid can be collected and used as the source of analyte 
elecrode 42 is held at a negative potential relative to the 30 for any detection method, including mass spectrometry, 
inner wire electrode 44 which is held at a positive po- and including continuous flow-FAB mass spectrometry 
tential. The difference in potentials establishes a gradi- or matrix-assisted laser desorption mass spectrometry. 
ent through the gel 14 similar to that used to obtain the In the latter, a known volume of the matrix solution can 
electrophoretic separation. The gradient may be be co-evaporated with the analyte solution on the direct 
changed as necessary to vary the speed of the electromi- 35 insertion probe of the instrument. Other methods of 
gration, subject to the ability of the gel 14 (the dielectric high-mass mass spectrometry, including ionspray and 
constant) to maintain the gradient. The same power electrospray, thermospray, or MAGIC ionization also 
supplies originally used for the electrophoresis may be can be utitlized with this method of sample recovery. 
used in setting up the transfer Potential gradient. With Other spectroscopic measurements also can be com-
such a gradient established, the sample ions move to the 40 pleted on this small volume of concentrated analyte 
·center electrode 44, which may be the bare inert wire, solution. 
or which may be coated with a material specifically Still other variations on the basic theme are possible. 
designed to increase the efficiency with which the sam- For instance, in loading samples onto the direct intro-
ple molecules are trapped. duction probe 60 directly as shown in FIG. 9, the probe 
3. After sufficient time for all or most of the sample 45 60 itself is grounded and serves as the collector elec-
molecules to move to the collection electrode 44, either trode 64. The external wire 62 is hooked to a power 
the entire assembly 40, or just the collection electrode supply, and the potential is chosen to establish the ap-
44, is retracted from the gel 14. The sample molecules propriate potential gradient through the gel material 14 
are now concentrated on the surface of the collection to the surface of the direct insertion probe 60 to o"tain 
electrode 44. 50 sample 66. A variation of this with direct collection of 
4. The collection electrode 44 is placed within a metal the sample 76 on the direct insertion probe 70 uses a 
tubing assembly that carries a stream of solvent that weighting ring 78 and buffer reservoir 77 on the top of 
leads directly to a mass spectrometer 26 equipped with the excised gel section 76 which is placed on top of the 
a flow-FAB or other ionization source that can deal planar electode 74. The sample material is transferred to 
with sample molecules in liquid streams. Again, any 55 the collection electrode 74 of the probe 74 is shown in 
spectroscopic means of detection might be used, with FIG. 10. A dual cylindrical collection electrode 80 as 
appropriate changes in the procedures used to remove shown in FIG. 11 also can be used. The potential is 
the sample from the concentration electrode. The tub- established by the inner reference electrode 84, while 
ing and collection 44 electrode assembly now allow the the actual sample 86 collection occurs on the surround-
creation of a second potential gradient that releases the 60 ing outer sleeve 85 covering the outer electrode 82, 
sample from the collection electrode in to the solvent which is porous to the electrolytes but not to the sample 
stream. For the negatively charged ions of step 2, the ions of interest. 
potentials are reversed such that the wire collection The premier advantage of this invention is its simplic-
electrode 44 is now negative with respect to the down- ity, both in terms of operation and in terms of compati-
stream positive reference electrode. Sample ions are 65 bility with existing hardware and technology. It is also 
released in a concentrated bolus for detection. a flexible, all-purpose method in that it can be used to 
The device described is designed specifically for quickly and efficiently sample very small areas of an 
flow-FAB mass spectrometric detection of sample mol- electrophoretic gel in conjunction with a variety of 
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analytical detection methods. Potentials are derived freeze-squeeze technique, originally proposed simply as 
from the same power supplies used originally for the a means of rapid recovery of long DNA from agarose 
electrophoretic separation, or, since the experiment is gels and herein adapted as a unique and advantageous 
analogous to stripping voltammetry, a standard electro- method used for interfacing to mass spectrometry. In 
chemcial experimental module can be used to generate S this method, the gel piece is frozen for a few seconds in 
the potentials. liquid nitrogen; the frozen gel is then manually squeezed 
Notable in this device is the high efficiency of sample in a Parafilm envelope, onto which most of the intersti-
collection and concentration. Given enough time, 100% tial fluid is extruded, along with the analyte. The fluid 
efficiency can be achieved. Small areas of the gel can be drop on the Parafi1m ia taken up and applied to a stain-
manipulated since the electrode assmebly can be minia- 10 less steel disk. and matrix 1<>lution is~~ added. !he 
turized, and the collection electrode itself (the central drop is dried with a beat gun. and the disk inserted mto 
inert wire) is very small. Additionally, the collection of the mass spectrometer via the direct insertion probe. 
samples from very small bands requires only low poten- In general investigations, greater laser power gener-
tials and short times since the distance the sample mole- ally is needed to reach the threshold for ion detection 
c:ules must travel is the depth, and not the width or the IS from TLC media relative to stainless steel. Desorption 
length, of the electrophoretic gel. Finally, the interface thresholds from all surfaces were lowered for com-
device described is not inexorably tied to mass spectro- pounds such as nucleoaides, macleoaides and PTH-
metric detection, but can be used with other forms of amino acids that ablorb strongly at 266 nm when this 
sample molecule detection as well, or even with multi- laser line was used for desorption/ionization. In addi-
ple and sequential methods of detection. 20 tion, the extents of fraamentation in the LD mass spec-
FIG. 12 shows the positive ion flow-FAB mass spec- tra of nucleosides and PTH-amino acids were found to 
trum for the B12 coenzyme stan'"'!'d. An abundant pro- depend on the nature of the substrate, such as stainless 
tonated molecular ion at m/z 990 is observed, as well as steel, silica, or derivatized silica. Finally, compounds 
characteristic fragment ions. FIG. 13 shows the flow- adsorbed on silica gel TLC plates usually provided mass 
FAB mass spectrum of the same sample extracted out of 2S spectra with poorer signal-to-noise ratios than alkyl-
agarose gel. derivatized surfaces. 
a. The System . With these experiments in hand, we also find that LD 
Laser desorption (LD) ionization has been used with may be coupled to the present interface for the rapid 
a Fourier transform ion cyclotron ~esonance 1!1~ s~c- analysis of small quantities of biological materials con-
trometer to investigate the potential of LD 1~ruzat~on 30 tained in agarose gels. In the TLC work, for biological 
for the analysis of planar chromatograms 1Dclud1Dg compounds of low molecular weight, no matrix was 
thin-layer chromatograms ~d electropherogram~. required to be added to the plate in these studies. How-
Without an enhancement matnx, the sh<;>t·t?·shot van- ever, because high molecular weight compounds typi-
ability of LO-generated spectra can be significant. The cally are separated by· gel electrophoresis, the 
energy of sputtered io~ ~so has a lar~e en~rgy spread, 35 LD/FTMS of such compounds generally requires the 
as shown by charactenst1c fragment ions m the ~ass adoption of the matrix-assisted technique. 
spectrum. With the use of .an enhancement matnx .as c. The Results 
d~ri~ below, success with ~uch compounds~ bde Table l lists the compounds examined in the interface 
acids, bde ~ts, a~~ small peptides has been achieved. between planar electrophoresis and mass spectrometry, 
Use of modified s1hca gels or Empore s~eets seems to 40 with ions monitored and a summary of results obtained. 
provide a higher rate of success for the d1~ect m~ure- In general, peptide samples are best monitored in the 
ment of~ spectra from ch~~matogr~p~1c med1~. The positive ion mode, where (M +Na)+ and (M + K)+ 
use of a liquid or phase t~ans1t1on matnx is complicated predominate. For the dinucleotides tested, the negative 
by the low pressure requirements of the mass spectrom- ion mode works best, although for the nucleoside 1-
eter. . 45 methyl guanosine, the positive ion mode gave better 
b. Sample Preparation . signal-to-noise ratios. As demonstrated in Table 1, the 
Samples were prepared by soaking for several hou~s freeze-squeeze technique gives overall better sensitivity 
small. pieces of low:meltin~ preformed a~arose gels m in these demonstration experiments. This enhancement 
aolutions of analyte m varymg concentrations. The gels . th d' t d tio technique is likely due tO the 
rinsed . d' illed te . t al . t SO over e uec esorp n were ID ist wa r pnor o an ys1s o re- fact that in the latter technique the presence of the 
move analyte from the ~el surf~. i:wo .example meth- agarose gel may cause the analyte to be less evenly 
ods of sample pr~parat1on, drymg ID situ and freeze- distributed, or the presence of the gel itself may compli-
squeeze, ar~ desc:nbed below. . . . cate the desorption process. All compounds tested work 
The matnx used was 2-pyrazme c:arboxyhc acid, and much better when the matrix 2-pyrazine c:arboxylic 
matrix/analyte ratios were from about 100-1000:1. The SS 'd . t than h 't · 'bsent n.~--ti'o limi'ts 
· G lsed 1 ~ usscd ac1 IS presen w en 1 IS a . .1..1e1.CN n 266 nm line of an Nd:YA pu aser was 1oc: ' "ti ,, hni · t l 
( )()6 w I 2) t th tainless steel or dried gel target for the reeze-squc:eze tee que are approxima ~ y ~ ?0 0 . e 1 . equal to those obtained for the neat compounds with on the duect msert1on probe. Detection was performed . . . This . . 
with the source cell of an Extrel FTMS-2000 instru- matnx-ass1stedh laser de:ic>hrp~on. dedlS expecli t~d '. smthce 
I l · t rfi · · ns (from 60 70-80% of t e gel we1g t IS extru as qw m e ment. n aome cases, ow mass ID e enng 10 .. ,, 
matrix) were swept out of the cell prior to excitation freeze-squeeze treatment. 
and detection. TABLE 1 
Two specific examples of sample preparation are List of Representative Compounds Tested 
given below. The first involves drying the gel piece in 
situ in the vacuum lock of the mass spectrometer, fol- 65 Compound Preparation 
lowed by matrix-deposition (pyrazine-carboxylic acid) ;:d(.:;GG:::::..:);.;.;;.;;...__..;;fr.:;ee;.:;z.:;c·-sq-u-ee-zc---S7-9-(M ___ H_) ____ 60_n_g_ 
onto the dried gel, and insertion into the mass spectrom- d(GG) direct desorption S79 (M - H)- 100 ng 
eter. The second technique is a modification of the I-Mc quanosine freeze-squeeze 320 (M +Na)+, 6 ng 
Det. 
Ions Monitored Limit 
17 
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TABLE I-continued 
List of Representative Compounds Tested 
Ions Monitored 
Dct. 
Limit 
18 
source, which has been demonstrated to provide high 
quality mass spectra from large mass biomolecules of 
exactly the sort typically separated by PAGE or aga-
rose gel electrophoresis. Since instruments such as the Compound Preparation 
l·Me quanosine direct desorption 
mct-cnkcpbalin freeze.squeeze 
mct-cnkcphalin direct desorption 
Gramicidin s frcczc-squcczc 
336 (M + K)+ 
320 (M + Na)+, 
336(M + K)+ 
S12 (M - H)-
S12 (M - H)-
1163 (M + Na)+, 
20ng 
30ng 
20ng 
S ion trap already have been shown to operate satisfacto-
rily with electrospray ionization, a relatively small mass 
spectrometer may provide the most efficient way of 
coupling planar electrophoresis with mass spectrome-
try. The ability to produce multiply charged ions of 
lO biomolecules brought to the source in a solvent stream 
is completely compatible with the homogenization and 
transfer parameters already established. 
1179(M + K)+ 
Gramicidin s direct desorption 1163 (M + Na)+, 100 ng 
1179 (M + K)+ 
FIG. 14 shows the positive ion LD mass spectrum of 
Gramicidin S, obtained from agarose via the "freeze- lS 
squeeze" method (soaking solution, 10 ng/uL). Clearly 
evident is the (M+Na)+ ion at m/z 1163, and the 
(M+K)+ at m/z 1179. There is little fragmentation 
observed, although ions below m/z 400 were ejected 
prior to excitation, and detection, and these may be 20 
relevant to the mass spectra. FIG. 15 shows the nega-
tive ion LD/FTMS spectrum of the dinucleotide, deox-
yguanosine-deoxyguanosine, desorbed directly from a 
dried gel (soaking solution, 280 ng/ul). Evident in this 
spectrum is the (M- H)-ion at m/z 595, with no frag- 25 
mentation evident. 
These results indicate that this rapid method of re-
covering analyte from agarose gels (5 minutes total 
sample preparation time) combined with matrix-assisted 
LDMS analysis, can be a sensitive way of performing 30 
selected analyses on certain gel bands. One advantage 
of FTMS is the ability to selectively eject ions from the 
matrix, as well as ions resulting from the buffer used for 
the electrophoresis, to increase the dynamic range. 
Since long DNA (over thousands of base pairs) can be 3S 
recovered from gels using this method, the mass range 
of the mass spectrometer most likely is ultimately the 
limiting factor in the analysis. The interface technique 
has the potential for wide applicability even as the capa-
bilities of mass spectrometry are developed. 40 
3. Other Applications 
The present invention, when optimized in terms of 
filter configurations, flow volumes, and transfer times 
to the source of the mass spectrometer, allows direct 45 
examination by mass spectrometry of samples separated 
by planar gel electrophoresis. At least two major alter-
native applications can be accomplished with the pres-
ent interface. 
The first alternative application is the coupling of the SO 
sampling probe to more conventional, nondestructive 
means of sample visualization and detection, such as 
optical densitometry or fluorescence. Very sophisti-
cated sample movement and optical detection devices 
are available, and the need to correlate mass spectral SS 
information with this independent information is evi-
dent. The mass spectrometer probe can be tied in with 
such an integrated imaging system. Optical scanning is 
followed by slave translation unit scanning with an 
automated rotor/stator or piezoelectric homogenizing 60 
probe. Alternatively, a large field-of-view documenta-
tion system with image analysis software can be used to 
drive an independent set of translation stages. Cross 
correlation of optical, UV /vis, fluorescence, radioimag-
ing, mass spectrometric, and other data is ultimately 6S 
possible. 
The second alternative application is the coupling of 
the transfer capillary to an electrospray ionization 
It will be obvious to those skilled in the art that many 
variations may be made in the embodiment of the 
method and apparatus chosen for the purpose of illus-
trating the best mode of this interface without departing 
from the scope of the invention as defined by the fol-
lowing claims. 
What is claimed is: 
1. A method of introducing band samples from a 
planar gel electropherogram having at least one surface 
into a mass spectrometer which comprises the steps of: 
a) providing a solvent; 
b) delivering said solvent to the surface of said elec-
tropherogram; · 
c) disrupting said electropherogram using a dual elec-
trode means so as to release a sample separated 
within an electropherogram from within said elec-
tropherogram into said solvent; 
d) transferring said sample containing solvent into the 
mass spectrometer; and 
e) subjecting said sample to laser desorption ioniza-
tion within the mass spectrometer. 
2. A method as defined in claim 1, wherein said sol-
vent is delivered to the surface of said sample at a speci-
fied rate. 
3. A method as defined in claim 1, wherein said sam-
ple-containing solvent is transferred to said spectromet-
ric device via a transfer capillary line. 
4. The method as defined in claim 3, wherein said 
sample introduction means comprises a pump. 
5. The method as defined in claim 4, wherein said 
sample introduction means further comprises a filtration 
column. 
6. The method as defined in claim 5, wherein said 
filtration column comprises a means of sample concen-
tration. 
7. The method as defined in claim 5 further compris-
ing a valve means, said valve means being selectively 
operable in two positions, a first position allowing said 
sample to be removed from said gel electropherogram 
and introduced into a guard column, and a second posi-
tion allowing said sample to be removed from said 
guard column and introduced into said mass spectrome-
ter. 
8 .. The method as defined in claim 1, wherein said 
solvent introduction means, said dual electrode means, 
and said sample withdrawal means are contained on a 
probe means. 
9. A method of introducing a sample from a planar 
gel electropherogram into a mass spectrometer, which 
comprises the steps of: 
a) providing said planar gel electropherogram having 
a surface containing sample bands to be analyzed; 
b) isolating the surface of a section of said electro-
pherogram; 
19 
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c) providing a solvent and delivering said solvent to 20. A method of introducing band samples from a 
the initial surface of said electropherogram; planar gel electropherogram into a mass spectrometer, 
d) disrupting said isolated surface using a dual elec- which comprises the steps of: 
trode means thereby releasing the sample from a) providing the planar gel electropherogram con-
within said electropherogram so that the sample S taining bands to be analyzed; 
being taken up into said solvent; b) releasing a sample separated within said electro-
e) transferring the solvent containing said sample into pherogram by freezing said electropherogram, 
the mass spectrometer; and compressing said frozen electropherogram, extrud-
f) subjecting said sample to laser desorption ioniza- ing the interstitial fluid as the sample from said 
tion within the mass spectrometer. 10 electropherogram, applying said sample to a sub-
10. A method as defined in claim 9, wherein said strate disk, adding an appropriate matrix solution 
solvent is delivered to the surface of said electrophero- to said sample and drying said sample; and 
gram at a specified rate. c) transferring said sample into the mass spectrome-
11. A method as defined in claim 9, wherein the sol- ter. 
vent containing said sample is transferred to said mass IS 21. A method as defined in claim 20, wherein said 
spectrometer via a transfer capillary line. freezing is accomplished by placing said electrophero-
thod fi · od · 1 tak f: gram in liquid nitrogen. 12. A me or mtr uc'?g a samp e en rom a 22. A method as claimed in claim 20, wherein said 
planar gel electropherogram mto a mass spectrometer . . lished uall · parafil 
comprising: compresston 11 accomp man y m a i m 
20 envelope. 
a) means for providing a solvent; 23. A method as claimed in claim 20, wherein said 
b) means for delivering said solvent to the surface of extruding also is extruded along with said interstitial 
said planar gel electropherogram; 
c) means for disrupting the surface of said planar gel flui~: A method of introducing band samples from a 
electropherogram using a dual electrode means and 2s planar gel electropherogram having at least one surface 
mixing said solvent with said disrupted surface of into a mass spectrometer which comprises the steps of: 
said planar gel electropherogram; mass spectrometer which comprises the steps of: 
d) means for removing a portion of said mixture of a) providing a solvent; 
said solvent and said disrupted surface of said pla- b) delivering said solvent to the surface of said elec-
nar gel electropherogram; 30 tropherogram; 
e) means for introducing said sample to said mass c) disrupting said electropherogram using a Potential 
spectrometer; and difference between two electrodes so as to release 
f) subjecting said sample to laser desorption ioniza- a sample separated within an electropherogram 
tion within the mass spectrometer. from within said electropherogram into said sol-
13. The method as defined and claim 12, further com- 3S vent; and 
prising a filtration column means. d) transferring the solvent containing said sample into 
14. The method as defined in claim 13, wherein said the mass spectrometer. 
filtration column comprises a means of sample concen- 25. A method as defmed in claim 24, wherein said 
tration. disrupting of step c) is achieved using an outer negative 
15. The method as defmed in claim 13, further com- 40 electrode and an inner positive electrode, wherein the 
. prising a valve means, said valve means being selec- difference in potentials between said, electrodes estab-
tively operable in two positions, a first position allowing lishes a gradient through the electropherogram. 
said sample to be removed from said planar gel electro- 26. A method as defmed in claim 24, wherein the 
pherogram and introduced into said filtration column electropherogram is placed on a grounded planar elec-
means, and a second position allowing said sample to be 4S trode prior to step c). 
removed from said filtration column means and intro- 27. A method as defmed in claim 26, wherein said 
duced into said mass spectrometer. electropherogram is retained on said electrode using a 
16. A method of introducing band samples from a weighted electrically isolated ring. 
planar gel electropherogram into a mass spectrometer, 28. A method as defined in claim 27, wherein, said 
which comprises the steps of: so dual electrode assembly comprises a negative electrode 
a) providing the planar gel electropherogram con- and a positive electrode, and a potential gradient is 
taining bands to be analyzed; established through the electropherogram between the 
b) releasing a sample separated within said electro- positive electrode and the grounded planar electrode. 
pherogram by drying said electropherogram and 29. An apparatus for introducing band samples from a 
depositing by matrix-deposition a suitable sub- SS planar gel electropherogram having at least one surface 
stance on said electropherogram; and into a mass spectrometer which comprises: 
c) transferring said sample into the mass spectrome- a) a dual electrode assembly comprising a positive 
ter. electrode and a negative electrode; and 
17. A method as defined in claim 16, wherein said b) a means for creating an electrical potential gradient 
drying takes place in a vacuum lock of the mass spec- 60 between said positive electrode and said, negative 
trometer. electrode to withdrawn a sample from said electro-
18. A method as defmed in claim 16, wherein said pherogram and transfer the sample into the mass 
matrix-deposition substance is selected from the group spectrometer. 
consisting of pyrazine-carboxylic acid. 30. An apparatus as defined in claim 29, further com-
19. A method as claimed in claim 16, further compris- 6S prising an electrically isolated ring to defme the electro-
ing the step of: pherogram sample to be isolated. 
d) subjecting said sample to laser desorption ioniza- 31. An apparatus defined in claim 30, further compris-
tion within the mass spectrometer. ing a buffer solution confined by said ring which allows 
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said negative electrode to be in electrical relation with 
the elcctropherogram sample. 
32. An apparatus as defined in claim 31, wherein one 
of said electrodes acts as a support for said electro-
pherogram sample. 
33. An apparatus as defined in claim 29, wherein one 
of said electrodes is an outer, sleeve-like electrode and 
22 
the other of said electrodes is an inner, rod-like elec-
trode located coaxially within said outer electrode. 
34. An apparatus as defined in claim 33, further com-
prising a porous sleeve which covers said outer elec-
5 trode. 
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35. An apparatus as defined in claim 34, wherein said 
porous sleeve is selectively permeable. 
• • • • • 
